Abstract: Atmospheric evaporative demand (AED) trends at global scale are important to understand the impact of global warming in the hydrological cycle. To shed light on the AED variability in Estonia we have studied the spatial and temporal variability of reference evapotranspiration (ET0) from 1951 to 2015. We have computed ET0 from 9 high-quality meteorological stations by means of a Penman-Monteith equation. We have analysed the spatial and temporal variability of ET0 and its main drivers i.e. maximum temperature, minimum temperature, wind speed, sunshine duration, relative humidity and atmospheric pressure. ET0, at annual and country scale, shows a positive and significant trend with a magnitude of change during the studied period of 5.3 mm decade -1 , with the highest values during the spring (4.1 mm decade -1 ). High significant correlation (r=0.7-0.8) has been found among computed ET0 and observed pan evaporation (Epan) during the period 1968-2005. ET0 is highly correlated with sunshine (positive), relative humidity (negative) and maximum temperature (positive). Meanwhile sunshine has no significant trend, maximum temperature shows positive and significant trend in all the series and seasons and relative humidity shows significant negative trends in 8 of the 9 series studied in spring.
Introduction
The Atmospheric evaporative demand (AED) is a key factor in the hydrological cycle. Under the global warming scenario, it is important to evaluate the variability and trend of ADE and its main meteorological drivers i.e. maximum temperature, minimum temperature, wind speed, sunshine duration, relative humidity. McVicar et al. meta-study [1] shows that at global scale AED is increasing with averages of 3.19 mm decade -1 for Epan (observed pan evaporation) and 1.31 mm decade -1 for ET0 (reference evapotranspiration). Taking into account that differences among regions are large and reanalysis evaporation fields are not reliable [2] , regional studies are required to better understand the variability and trends of AED. Few studies have evaluated Epan or ET0 above latitudes 55°N. Golubev et al. [3] provides Epan trends of -0.3 % decade -1 and -0.18% decade -1 for Siberia (under taiga and forest-steppe vegetation respectively) and -5.8% decade -1 for North European Russia (under taiga vegetation), during the period 1950 to 1990. This is the first study about AED in Estonia. Estonia is an eastern European country located among 57.5-60° N and 58-59.5° E with an area of 45300 km 2 and an altitudinal range from 0 to 318 m.a.s.l. Currently evapotranspiration in Estonia is limited by energy from September to March (precipitation greater than ET0) and by water from April to August (ET0 greater than precipitation) [1] .
Experiments

Data
We have used monthly precipitation, relative humidity, sunshine duration, temperature, and wind speed series from 9 stations and atmospheric pressure for one station (Tartu) for the period 1951-2015 ( Figure 1 ). All these meteorological series have been quality checked and homogenized with HOMER (HOMogenization softwarE in R) [4] .
We have computed ET0 for each location from FAO (Food and Agricultural Organization) -56 Penman-Monteith equation [5] . Solar radiation has been estimated from sunshine duration [6] . We must take into account that we have used Tartu atmospheric pressure to compute ET0 in all the stations. Fortunately atmospheric pressure has little weight in the computation of the ET0. We have computed the seasonal (DJF, MAM, JJA, SON) and annual averages of ET0. To explore the general characteristics of the region, a country series have been also computed using the weighted averages of the monthly records for each station based on Thiessen polygons.
Epan has been measured daily at Kuusiku (1989 Kuusiku ( -2005 , Tiirikoja (1988 Tiirikoja ( -2005 and Tooma (Figure 1 ). The measurements were taken with a GGI-3000 pan that has a surface of 3000 cm 2 and a depth of 60cm. Due to the freezing of the water surface, measurements start around March/May and end in October/November. For this reason only summer averages have been computed.
Trend detection has been performed with Mann-Kendall statistic. The magnitude of change has been computed by a linear regression analysis between time (independent variable) and ET0 (or the meteorological variables), the slope of the regression shows the magnitude of change per year. Figure 4 evaluates the meteorological drivers of ET0. Annual ET0 shows high correlation with sunshine duration (positive correlation), relative humidity (negative correlation) and maximum temperature (positive correlation). Spring ET0 shows strong correlation with maximum temperature (positive) and relative humidity (negative). Summer ET0 shows the strongest correlation with sunshine duration, although its correlation with maximum temperature and relative humidity is also high. On the other hand winter ET0 shows maximum correlation with wind speed (positive).
Meanwhile autumn shows weak correlation coefficients with all the studied variables. 
Discussion and Conclusion
AED variability in Estonia has been analysed for the first time. At annual scale and country level, ET0 shows a positive and significant trend with a magnitude of change of 5.3 mm decade-1. This contrast with Golubev et al. [3] results, they found negative trends for Epan for the Siberia and North European Russia region. It is important to note that Golubev et al. [3] trend was calculated for the period 1950 to 1990 and for a much larger region. This disagreement points out that more studies are required in order to understand the AED trends and variability in latitudes above 55°N.
In Estonia the highest seasonal positive trends of ET0 have been found during the spring (4.1 mm decade-1) and the highest negative in winter (-0.6 mm decade-1). During the spring the more correlated meteorological variables with ET0 are maximum temperature (positive) and relative humidity (negative). On the other hand, winter ET0 has the greatest correlation with wind speed (negative). Taking into account that the maximum temperatures have a strong positive trend in Estonia and globally [2] , it will be probable that ET0 continues increasing in Estonia during the spring. Furthermore, an increase of ET0 during the winter in Estonia is also expected if the strong negative wind speed trend continues.
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